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07 May 2001

As a hiomedical engineer with expertise in cetacean biology, underwater acoustics, human
neurcphysiology and mechanical resonance effects, 1 am concerned about the proposed
deployment of the Navy SURTASS LFA sonar. Close examination of the Final Environmental
Impact Statement (FEIS) reveals a number of worrying omissions. Given the requirements fer the
FEIS to conform to standard scientific practice, these gaps in the demonstrated knowledge base of
the FEIS are a grave case for concern as to the accuracy and validity of the FEIS as a decision

making document.

These amissions, itemized in detail within this submission, fall into the 3 following categories.

1. Resonance frequency effects in fish, turtles, marine mammals and humans have been
dismissed without giving an adequate review of the literature to justify such a position. Theoretical
models of resonant frequency calculation have been totalty ignored.

2. Offshore Biologically Important Area determination does not discuss or include a number of
evident areas which can be found in any freshman college textbook. Global impacts are modeled
and deemed negligible but little concern is given about iocatized effects in such areas

3. HF/M3 marine mammal detection system is not able to detect more than 55% of delphins
fraversing the beam, raising doubts about the overall efficacy of the system.

The potential impact of resonant frequency effects in OBIAs and within the context of failed HFM3
detection procedures is evidently not addressed within the FEIS, as part of the lack of discussion

outlined in point (1).



ITEMIZED CONCERNS ABOUT SURTASS LFA
FINAL ENVIRONMENTAL IMPACT STATEMENT

1. NON AUDITORY INJURY. RESONANCE PHENOMENA

1.1 ARPA reference not applicable

tn the main bedy of the FEIS (ref. 4.1.1.1), this topic is given a total of 12 fines of attention. These
begin with a couple of references which suggest that the resonant frequency of fish swim bladders
are above the frequency of best hearing, leading to the quoted conclusion that: “Therefore, it is not
expected that resonance of the swim bladder would play a significant role in response 1o LF sound
(ARPA 1995)".This particular reference is from the Advanced Research Projects Agency evaluation
of the ATOC system, and thus dealing with a 75Hz signal which does not correspond to the
frequencies to be used (100-500Hz) by SURTASS LFA. This conclusion is therefore not applicable
in the context of the FEIS. (ARPA 1995; FEIS, p.13.1) |

1.2 Generalization based on only two species of fish

In the FEIS comments section (Comments 3.2.5), it is recognized that resonance frequencies of
fish swim bladders exist and the values for two species are given, namely:

Northern Anchovies Sinchesinlength  fes = 1.3 kHz

Cod 14inches inlength  fres = 400-560 Hz

The FEIS states that “ fish are not expected to be significantly affected because SURTASS LFAis
lower in frequency than the resonance for even the larger fish”. This is not immediately evident
given that; (a)the resonant frequency range for a 14 inch cod includes the 400-500Hz band which
falis within the range given for SURTASS LFA (100-500Hz).{b) resonant frequency varies as a
function of gas volume and depth, as outiined in 1.6. Furthermore, extrapolating from two species
to the entire range of species found in the oceans seems a tenuous link at the very least.

1.3 Inaccurate generalization about peiagic fish species

In section 4.1.1.1 it further states that only larger pelagic fish (for example tuna} could have swim
bladders whose resonant frequencies would fall within the range of the SURTASS LFA, but that
these fish are unlikely to be affected as they spend most of their time near the surface. This
comment is not consistent with data pertaining to dolphin-tuna interactions, in which schools of
tuna are commonly found swimming at depth beneath dolphin pods. This comment is also not
consistent with information gleaned from deep sea fishermen. These inconsistencies are grounds
for suspicion as such data should not only be easily obtainable by EiS authors, but inciuded and
discussed within the FEIS. '

1.4 Omission of relevant theoretical models

Nowhere within the FEIS is there mention of the theoretical models for calculations of the resonant
frequencies of gas bubbles. This omision is of concern as it suggests that either an incomplete
literature review was conducted in the preparation of the FEIS, or that such information was
deliberately omitted. These two models are;

Minnaerts theory fies = [660 ¥ SQRT(pressure]] /iung diameter
Andreeva / Barham fres = {1/2piR)*SQRT[(3gP+du)/q]



|t should be noted that these two models were included in the NATO SACLANTCEN Bioacoustics
Panel, June 15-16 1998 report: Acoustic Analysis of SWAC4 Phase |l, authored by McMullen &
McCarthy of United States Naval Undersea Warfare Center.

It should also be noted that Barham of the former NUC {Naval Undersea Center), now NRaD,
expanded the work of Andreeva in 1973. This suggests that at least within NRaD and NUWC there
is some awareness of these issues which should have been addressed within the FEIS,

Even in the case of such mathematical models being inaccurate, acknowledging their existence
and explaining their omission seems a necessary part of the FEIS, especially to comply with the
requirements of scientific accuracy of this document.

1.5 Awareness of resonance phenomena
Within the FEIS is included a letter
From: Commanding Officer
To: Chief of Naval Operations, Atn: Director Submarine Warfare Division
Via: Chief, Bureau of Medicine and Surgery
Commander, Naval Sea Systems
Subject: Interim Guidance for Operation of Low Frequency Underwater sound sources in the
presence of recreational divers
subnote (d) reads:
“Evidence did suggest that lung resonance did increase as a function of diver depth and at deeper
depth (>2008) lung resonance couid be possible within the guidance frequency band but watiid nof
cross 150Hz untii between 600 and 700 foot depths. Equipment used by divers during testing
included neoprene wetsuils”

Irespective of the human diver perspective, this document further indicates awareness of
resonance effects on gaseous bubbles (aka. lungs, swim bladders, etc), an awareness which
highlights the complete absence of modeling of fish, turfle and marine mammal resonance
frequencies, which would be expected within the confines of scientific accuracy required of the
FEIS. Furthermore, two enclosures are referred to by this letter, and it should be noted that
Enclosure 2: “Draft NSMRL Technical Report: Summary Report on the Bioeffects of low frequency
water borne sound” is missing from the FEIS, when, from the fitle alone, it appears to hold
information pertinent to this topic.

1.6 Omission of relevant scientific literature

Aburto of NOSC (SPAWAR: Space and Naval Warfare Systems Command), in an email
submission to the Bioacoustics List at Cornell University dated 03 Jun 1997, dealt further with the
Andreeva/Barham model for resonant frequency determination and provided sample calculations
for mammalian lung volumes of 2 and 2000 litres. His concise examples allow for the easy
calculation of resonant frequencies for any gas body volume at depth. Such calcuiations are
presented in Tables 1.1 and 1.2 for a range of representative volumes.

The validity of the Andreeva/Barham equation appears to have been vindicated by holographic
interferometry studies of fish swim bladders (Vaitulevich 1974, Altmann 1984). Aftmann further
concludes that the swimbladder wall vibrates with the greatest amplitude at stimulation frequencies
close to the base resonance frequency and at frequencies corresponging to the 2 and 3+
harmonics. With such information being readily available, it is a matter of concern that the FEIS
makes no attempt fo calculate and/or discuss these data.



1,7 Calculated resonance frequencies fall within SURTASS LFA range
Resonant frequencies calculated using Aburto/Barham formula are presented in tables 1.1 and 1.2.
As a point of size comparison, 10 year old human male children have a fung volume of approx. 1.6
litres, 20-30 year olds have a 6.0 litre volume. Females are usually 25% smaller than mates.
{Schmidt & Thews 1983) Finback whales are reported as having a lung volume of 2000 lifres,
Cuvier's Beaked whales 136 litres and Bottlencse delphins 3.5 litres, (NATO SACLANTCEN 1998)
Assuming that some pelagic fishes, turtles, small seals, etc may have gaseous spaces whose
volumes are in the range 0.1 —1.0 litres {ie smalier than a human 10 year oid), table 1.2 reveals
that a substantial range of frequencies for these gas volumes falls within the SURTASS LFA active
range (100-500Hz) for depths up to and exceeding 100 metres.
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Table 1.2:

Lung Volume in Litres
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Resonant Frequencies calculated for different gas bubble volumes, per Aburto (1997).
Fraquencies falling within the 100-500Hz SURTASS LFA range are shaded
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Calculated resonant frequencies for gas bubble volumes in the range 0.1 - 0.9 litres
Frequencies falling within the 100-500Hz SURTASS LFA range are shaded



It should be noted that resenance phenomena can occur with lesser energy requirements than for
non resonance. The fundamental frequency of a gas volume is that frequency at which it is most
susceptible to excitation. This raises the issue that the 180dB mitigation area for the SURTASS
LFA may not be an adequate measure, as resonance phenomena may be possible at much lower
RLs.

Such issues, calculations and mathematical modeling of potential target species are compietely
absent from the FEIS. Given the stringent requirements for the FEIS to make due regard to
scientific process, these omissions raise grave concern about the accuracy and validity of the EIS.

2. OFFSHORE BIOLOGICALLY IMPORTANT AREAS (OBIAS)

2.1 Omission of whale migration routes

In the FEIS (FEIS 2.11}, OBlAs are defined as including:

* Migration corridors

* Breeding and Calving Grounds

* Feeding Grounds

With this information in mind, itis of concern that within the FEIS whale migration corridors are nof
shown or acknowledged, degpite the fact that such migration paths are known to exist and have
been determined through sateliite tracking.

2.2 Omission of generally accepted OBIA

Opening a freshman biology text (Cox, 1993) provides the following pertinent information.

“For purposes of productivity analysis, oceans are divided into 4 zones: open ocean, upwelling
zones, continental shelf and reef-estuary systems. Upwelking zones are the most productive
offshore areas, followed by continental sheif regions.”

The FEIS acknowledges that in general the continental shelf is bounded by the 12nm exclusion
zone for SURTASS LFA, butin some locations it extends far beyond this range.

It is therefore of concern that the FEIS does not take into account such areas in the discussion of
OBlAs, and furthermore, that the upwelling areas found along the western coasts of the United
States, South America, Africa, India and the Gulf of Gman are not even considered.

2.3 No modeling of localized Non Auditory Enjury in excluded OBIAS

Taking into account the unknown resonance effects of the SURTASS LFA signal on focal fish and
marine mammal populations, the limited number of OBIAs is a matter of concern. Although the
modeling in the FEIS suggests a negligible impact on the global populations of species, the
possibility of negatively impacting focalized popuiations on which island economies may be
dependent cannot be discounted. |




3. HFfM3 MARINE MAMMAL DETECTION

3.1 Cases of limited efficacy of system

Within the FEIS section on the HF/M3 marine mammal detection system, it is stated that during
testing, small cetaceans traversing the HFM3 detection zone were only detected in 55% of cases
{11 out of 20). This raises the concern that in 45% of cases, small animais may not be detected
and be exposed fo injurious levels within the mitigation zone.

3.2 Inability of other systems to detect marine mammals

The NATO SACLANTCEN report on Acoustic Analysis of SWAC 4 Phase Il states as its objective:
“to acoustically detect the presence of marine mammals in Runs 9 and 10 of the SWAC-4 sea test”
and concludes that. “marine mammails have not been detected passively or actively in the acoustic
data analyzed®. This inability to detect marine mammats, conveniently attributed to an efror in the
third significant bit of the acoustic data from the towed array hydrophone, is concerning as on that
date (12 may 1996), a mass stranding of Cuvier Beaked whales occurred on the coast within 20km
of the testing area.

Albeit a different system than the SURTASS LFA, this inability to obtain uncorrupted data and
further inability to detect marine mammails raises concerns about the reliability of the HFAM3
system incorporated into the SURTASS LFA
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As outlined in sections 1 through 3 above, these omissions from the FEIS raise concerns about the
validity of said document. Within the requirements section of the FEIS, itis stated that it was to be
generated with due attention to the scientific process.

Irrespective of motive, the omissions noted above suggest a lack of attention to relevant detail,
thus leading to an FEIS lacking in sufficient information to allow informed decision making to be
attained by relevant authorities.

Given the global scope of the SURTASS LFA system, it behooves decision makers to be
adequately informed of all aspects of this technology prior to committing to the deployment of such
a system. The FEIS as it stands does not appear to be such a document, and certainly does not

appear comprehensive enough to justify the granting to the Navy of a Letter of Authorization {LOA)
by the National Marine Fisheries Service.

Due to the growing public demand for congresstonal oversight hearings into the LFA program, this
letter outlining concerns with the FEIS has been forwarded to Government representatives,

Yours sincerely
Steven Birch
B.Sc{hons) Ph.D (biomed eng)

Cce:

Senator Danie! K [nouye

722 Hart Senate Office Building
Washington, D.C. 20510

Senator Daniel Akaka
141 Hart Senate Office Building
Washington, D.C. 20510

Representative Patsy Mink
2135 Rayburn House Office Building
Washington, DC 20515

Representative Neil Abercrombie
1502 Longworth House Office Building
Washington, D.C. 20515



